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Solar Cell Contacting Scheme 

The present invention relates to a solar cell contacting scheme and, more particularly, to a method 
and means of interconnecting PN junctions on the one substrate. The invention is applicable, 
although not exclusively so, to thin film solar cell technology. 

5 There is significant commercial impetus to provide more efficient and cheaper solar cells in 

a production environment. Figures of merit which are presently desirable include the achievement 
of a production cost of the order of a few Australian dollars per peak watt of solar cell modular 
capacity. Achievement of this figure would make solar cell technology extremely competitive 
compared with many other forms of power generation technology purely on 

10 economic grounds and without needing to take into account the inherently environmentally 
fiiendly nature of solar cell power generation schemes, 

A particular area where efficiencies can be achieved is in the manner of interconnection of PN 
junctions on the one substrate. Presently a leading technology is generally termed the "buried 
contact" technology which involves interconnections being formed on a substrate by 
1 5 laying down electrical contact material continuously in a groove. 

It is an object of the present invention to provide a solar cell contacting scheme which at 
least provides an alternative and, in some respects, may provide an improvement. 
Brief Description of the Invention 

Throughout this specification a means for conduction between and interconnection of 
20 semiconductor layers in a solar cell is referred to as a ' pipe " or "pipes" 

"Pipe is to be given a purposive construction. So, for example, the pipe can be of any 
cross-section in a plane of the semiconductor layers including by way of example circular, square, 
elongate oval, rectangular and the like. 

As will be seen in some embodiments the pipes may be aligned along a longitudinal axis 
25 which is not perpendicular to the plane of the semiconductor layers and yet achieves the object and 
purpose of the invention. 

Accordingly, in one broad from of the invention, there is provided in a solar cell module of 
the type comprising at least a first layer of a semiconductor of a first conductivity type and at least 
a second layer of a semiconductor of a second conductivity type, a method of insulating 
30 and interconnecting said layers so as to form a plurality of series connected solar cells. 

Preferably said step of insulating said layers is performed by a discontinuity in said at least 
first layer and said at least second layer. 
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Preferably said step o interconnecting is performed by means of a segmented conducting 

layer. 

Preferably said layer is in the form of a plane 

Preferably said step of interconnecting further includes providing at least a first 
5 conductive pipe of said first conductivity type and at least a second conductive pipe of said 
second conductivity type adapted to respectively connect said at least one layer of said first 
conductivity type to a segment of said segmented conducting plane and also connect said at least 
one layer of said second conductivity type to said segment of said segmented conducting plane so 
as to forma series connection between adjacent solar cells of said solar cell module. 
10 Preferably said step of interconnecting further includes providing at least a first 

conductive groove of said first conductivity type and at least a second conductive groove of said 
second conductivity type adapted to respectively connect said at least one layer of said first 
conductivity type to a segment of said segmented conducting plane and also connect said at leat 
one layer of said second conductivity type to said segment of said segmented conducting plane 
15 so as to form a series connection between adjacent solar cells of said solar cell module. 

Preferably said solar cell module comprises a plurality of stacked pairs of said at least first 
layer of a semiconductor of a first conductivity type. 

Preferably said solar cell module is a thin film solar cell module. 
Preferably said solar cell module is a silicon solar cell module. 
20 Preferably said solar cell module is a polysilicon solar cell module. 

Preferably said segmented conducting layer comprises a segmented metallic layer. 
Preferably said segmented conducting layer is spaced from said at least first layer and said 
at least second layer by at least one electrically insulating layer. 

Embodiments of the invention will now be described with reference to the accompanying 
25 drawings wherein: 

Figures 1-8 illustrate steps in the preparation of a rear point contacting scheme according to a 
first embodiment of the invention. 

Figures 9-13 illustrate steps in an alternative rear point contacting scheme for a metal substrate 
according to a second embodiment of the invention; 
30 Figures 14-21 illustrate the steps in formation of a rear point contacting scheme for a glass 
superstrate according to a third embodiment of the invention; 
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Figures 22-26 illustrate an alternative rear point contacting scheme for a metal substrate 
according to a fourth embodiment of the invention, 

Figures 27, 28 support a comparison of two versions of the present invention, one using isolated 
pipes and the other utilising continuous grooves for conduction to the segmented conducting 
5 layer; 

Figure 29 is a generalised three dimensional, cut-away view of the solar cell contacting scheme 
suitable for use with any of the above described embodiments. 

Figure 30 is a three dimensional, cut away view of the solar cell contacting scheme of Figure 8 
Figure 31 illustrates methods of contacting pipe walls to to the conducting plane using a 
conductor (rather than a semi-conductor). 
Detailed Description of Preferred Embodiments 

10 With reference to Figure 29 there is shown a generalised three dimensional view of the contacting 
scheme of the invention applied to a thin film solar cell (10), 

In this instance the solar cell comprises at least a first layer (11) of N-type material, a 
second layer (12) of P type material and a third layer (13) of N-type material. 

The N-type material layers (11, 13) are interconnected vertically by means of N-type 
15 pipes (14, 14, 16, 17, 18, 19). These pipes then connect the layers vertically downwardly to a 
segment (20) of a segmented conducting layer, in this instance comprising a deposited 
metallisation. 

Similarly the P-type material comprising second layer (12) is conductively connected via 
pipes (21, 22, 23, 24, 25, 26) to a second segment (27) of the segmented conducting layer. It 
20 will be noted that each segment (20, 27) is electrically isolated via separation (28). 

Similarly individual groupings of PN junctions are isolated via a discontinuity (29) suitably 
located through the layers of the thin solar cell (10). 

the end result is an interconnection system suitable for use with both opaque and non- 
opaque substrates as will be described in further detail with reference to particular embodiments 
25 to follow. 

Figure 30 shows a corresponding layout based on the arrangement of Figure 8 (refer 

below). 

The insulating layer between the segmented contacting layer and the semiconducting 
layers which is illustrated in subsequent specific embodiments to be described has been omitted 
30 from both Figures 29 and 30 for clarity. Such layer is necessary in the following embodiments to 
perform an insulating function. 
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Solar Cell Module Rear Point Contacting Scheme <#la> 

According to a first embodiment of the invention the steps in creation of the contacting scheme 
are described with reference to figures 1 -8 as follows: 
With reference to figure 1 : 
5 1. Deposit metal layer for conducting and reflecting (eg. Al), and scribe lines (laser or 

mechanical): 

Note substrate could be conducting (eg. metal sheet), coated with an insulating di-electric 
layer. Alternatively, a glass superstraie could be used with a transparent conducting oxide (TCO) 
instead of metai. This would result in a bi-facial cell (ahhough with a less effective 
1 0 conductor & reflector) 

With reference to figure 2: 

2. Deposit di-electric layer(s) (for insulation, diffusion barrier, surface passivation and 
reflection). 

3. For multi-junction cells, deposit n, p, n, p, n etc. 

15 4. Laser ablation of contact holes through to metal, followed by p^ silicon deposition (refer 
figure 3) 

The varying depth of the hoes indicates the tolerance in manufacturing. 
If the p^ doping density required for a good contact is greater than that wanted in the 
device layer, then deposition should start initially with high doping and then reduce. It may be 
20 preferable for the thin highly doped layer to be outside the depletion region, in which case lower 
doped p type sihcon should be deposited before the formation of the contact holes. This would 
also avoid the interruption of deposition which without ultra high vacuum may result in the 
formation of defects right at the most critical point (the metallurgical p-n junction). 
5. Laser ablation of holes through to metal, followed by n^ silicon deposition (refer figure 
25 4). 

Similarly, more lightly doped n type silicon than that required for the contacts may be 
deposited before the holes are formed. A thin, heavily doped silicon layer at the tip surface will 
be beneficial to voltage anyway. For floating emitter (top n layer), do step 5 before step 4 (n 
before p holes), then deposit final n layer. 
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30 Note if holes have a large diameter they may not be filled as shown, but rather lined. If 

hole diameter is comparable to the cell thickness, then forming holes at an angle will reduce or 
eliminate the "shading" loss (refer figure 5). 

6. Scribe lines to produce individual cells and deposit passivating di-electric layer / AR 
coatings (refer figure 6). 

=> layers connected in parallel, cells connected in series 

Again, if line width is comparable to the eel! thickness, then scribing Unes at an angle 
5 will reduce or eliminate the "shading" loss. 

In reality substrate and/or top surface are textured. A globular metal or TCO layer 
deposited in step 1 could perform this function. 

The scheme is of course equally applicable for a single junction device. 

7. Solid phase crystallisation of silicon layers (if necessary). 

10 Cells of width 1mm, running the fiill length of the module and with a maximum power 

voltage of 0.5 V, would develop 340V (=^2 x 240V) across a module of width 68cm. Wider cells 
would require contacts of both polarity over the fiill width of the cell (not just on one 
half as shown above) in order to avoid high series resistance losses within the silicon. If the metal 
layer is thick enough then the following simple design should have sufficiently low 

1 5 metal finger resistance (refer figure 7). 

n and p are contact holes of the corresponding polarity, arrows show electron flow in 

metal. 

Since metal covers the whole area, resistance along the fingers that run the fiill length of 
the module should not be great. A crude calculation would suggest that the metal layer would 
20 need to be only 9^m thick to carry the current along a Im long module. (Buried contacts in 
wafer cells are spaced 1.2mm apart, have a cross sectional area of about 900^m (25x3 5 |am) 
and carry the current over 10cm. Im would require 9000|im^, which gives a thickness of 9nm 
for 1mm wide fingers). If metal layer is too thin (or TCO is uses) then a slightly more 
complicated contact scribe (step 1 ) would be necessary (eg. as described in contact scheme 
25 #2a for glass superstrates, refer figures 20 and 21). 

A cross section of the module with wide cells would look Uke this (refer figure 8). 

Contact holes of like polarity within each cell are connected together at the ends of the 
module as shown in figure 7. 
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Rear Point Contacting Scheme f#lb) for a Metal Substrate 

30 A second embodiment of the invention will now be described with reference to figures 9-13 
inclusive and comprises the following steps: 

1. Deposit di-eiectric layer and rear n type silicon layer (refer figure 9). 

2. For multi-junction, deposit p, n, p, n etc. 

3. Laser ablation of holes through to metal, followed by p^ silicon deposition (refer figure 
10). 

4. Laser ablation of holes through to metal, followed by n^ silicon deposition (refer figure 
5 11). Note that the hole is formed at an angle so that the shading loss is effectively zero. 

5. Scribe individual cells and deposit passivation di-electric layer / AR coatings (refer figure 
12). 

6. Solid phase crystallisation of silicon layers (if Necessary). 

7. Encapsulate, then scribe line in rear metal to isolate n from p contacts within individual 
1 0 cell s (refer figure 13). 

The metal line scribe requires accurate depth control. It could be done by covering the 
rear of the metal with any material that is not etched by a metal etchant, laser or mechanical 
scribing this material and then chemically etching the exposed metal. 

Note that the encapsulate is the supporting layer once the continuity of the metal 
1 5 substrate is broken. 

Rear Point Contactin2 Scheme f//2a) for a Glass Superstrata 

A third embodiment of the invention will now be described with reference to figures 14-21 
inclusive wherein the steps of manufacture of the contacting scheme are as follows; 

1 . Deposit silicon layers and crystallise (initial passivating di-electric layer / AR coating 
20 not shown) (refer figure 14). 

2. Scribe individual cells and deposit di-electric (refer figure 15). (Note that for 
conventional cells, this step is reached simply by placing diffused, oxidised, un-contacted 
wafers on the glass). 

3. Deposit metal (refer figure 16). 

25 4. Laser ablation of contact holes, followed by n"^ silicon deposition (refer figure 17). 

5. Laser ablation of p^ contact holes, followed by p^ silicon deposition (refer figure 18). 
Note p^ silicon is connected to metal at the hole edges. 

6. Scribe lines to isolate n^ from p^ within individual cells (refer figure 19). 
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The top and p" layers are not active layers in the solar cell and so do not have to 
30 be of good electronic quality, the quality of the junction between them is of no importance as 

they are shorted together by the metal layer anyway. The reason for their blanket coverage of 

the whole area is simply because this is technically easier than selective deposition on to the 

silicon contact areas that are exposed after hole formation. 

For wide cells that require contacts of both polarity over the full width of the cell (not 

just on one half as shown in figure 1 9), but which have a metal layer too thin for the design 
5 described with reference to figure 19, a more complicated final isolation scribe would be 

necessary (refer figure 20) n and p are contact holes of the corresponding polarity. The same 

effect can be achieved using two sets of straight scribes (refer figure 21). 
Alternative Rear Point Contacting Schefner#2b> for a Metal Substrate 

A fourth embodiment of the invention will now be described with reference to figures 22-26 
10 inclusive and comprises the following steps; 

1 . Deposit de-electric layer and silicon layers (refer figure 22), 

2. Scribe isolated cells, deposit de-electric and (if necessary) crystallise silicon (refer figure 
23). 

3. Laser ablation of contact holes, followed by n^ silicon deposition (refer figure 24 which 
15 shows an inverted view relative to figure 23). 

4. Laser ablation of holes, followed by p^ silicon deposition (refer figure 25). 

6. Attach to front encapsulant, then scribe lines to isolate n^ from p^ within individual 
cells (refer figure 26). 

Note that the encapsulant is the supporting layer once the continuity of the metal 

20 substrate is broken. 

The structure is now similar to scheme #2a for glass superstrates. 
Comparison of different rear point contacting schemes 
Schemes 2a & 2b 

• 2 extra silicon deposition processes, but: - 

25 • doping of the contacting layers can by chosen independently of the doping of the active 

layers. 

• no high temperature processes whilst the silicon is in direct contact with the metal, (n^ and 
p^ contacting silicon layers can be deposited at low temperature). There is complete 
isolation over the whole area by the di-electric layer, whereas schemes la & lb have the 
point contact 
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30 regions in contact with the metal during solid phase crystaUisation, which may increase 

impurity difiSision into the active silicon layers. 

• relative ease of patterning the silicon or metal in each scheme (see "scribing "below). 
Possible advantages of metal substrate over glass superstrate 

• metal deposition not necessary 

• probably easier to texture a substrate such as metal sheet than silicon or glass (for light 
5 trapping and anti-reflection) 

• growth on glass could produce very small grains at the interface, which is the top and most 
important part of the solar cell. This is quite likely if silicon is directly deposited as 
polycrystalline, or if crystallised on finely textured glass, 

• solar cell could be flexible 

1 0 • if encapsulated under glass, cheap, low temperature glass can be used 

• substrate such as stainless steel would allow high temperature deposition 
Comparison with Buried Contacts 

Cell performance : 

• Lower shading losses: 

15 1 , The required area of holes will likely be much less than for grooves; furthermore, 

since the holes are not metallised, light that does land on the holes can still be 
absorbed to produce collectable carriers. If the holes are large and only lined with 
either n or p silicon, then there will be no nearby collecting junction and so blue 
light will be lost, though red light can still be reflected from the rear reflector into the 

20 silicon layers at the side. Again, the blue light loss can be reduced by making the 

holes at an angle. 

2. The lines through the metal contact layer will only reduce reflector performance; most 

reflection could occur at the silicon / di-electric interface anyway. 
3 Since the isolation lines (for individual cells) scribed through the silicon do not carry 
25 current, they can be made as narrow as the laser beam can be focussed, so reducing 

"shading" losses, (possible eliminating them if lines are scribed at an angle). In any case, 

there is only one line per cell and even light that is incident on these lines can still be 

reflected sideways into the silicon. 

• Since holes are likely to have lower shading losses, they could be closely spaced, thus 

30 lowering series resistance losses within the silicon. Series resistance in the wide metal fingers 
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will not be an issue, even perhaps if they spread the fiall length of a module. 

• small area point metal contacts for minimum associated recombination losses and 
improved voltage 

• Cell is not double sided (unless TCO used for scheme # la). How much of a disadvantage 
this is depends on the number of likely applications where modules can be mounted so as to 
receive a significant amount of light at the rear, as well as the extra cost of such 

5 mounting and the reduction in the light trapping performance of cells without a reflector. 

• The success of the buried contact approach appears to rely on being able to sufficiently dope 

the walls of the groove to the full depth of the silicon at the same time as making the groove 
(otherwise the laser scribing time would be trebled and very precise alignment would be required 
to laser dope the existing groove walls). If such lasers are required to do this they 

1 0 may cause a large amount of damage to the surrounding silicon and substrate,. Even if a high 

temperature substrate is used, thus allowing conventional diffusion ftirnace doping, a masking 
layer would be required on the first set of grooves before doping the second set. 

• My rear point contact scheme does not require laser assisted doping - this is all done by blanket 
CVD deposition, which is obviously not a problem. The only possible technical 

1 5 problem I can foresee for my scheme is the possible diffusion of impurities from the metal 

layer into the silicon during silicon deposition or crystallisation. For this reason, a metal other 
than aluminium may be used. Diffusion should not be a problem for scheme #2a for glass 
superstrates, since the only high temperature process required after metal deposition is the 
deposition of the non-active highly doped silicon layers for contacting. This can readily be 

20 done at < 500"C to produce micro-crystalline silicon. For substrates, diffusion during 

silicon growth and crystallisation can be minimised with a silicon nitride barrier, (most 
effisctively in scheme #2b), which is easily deposited by CVD and will be necessary anyway for 
surface passivation and anti-reflection 

• All "thin" film crystalline silicon technologies could have problems with the adhesion of 
25 relatively thick (>1 (xm) layers to the sub/superstrate. 

Ease and Cost of Manufacturing : 

• buried contact method requires electroless plating of the grooves whilst the rear point contact 
schemes #la & #2a require blanket metal deposition. Note that contact is made between the 
metal and the silicon only after making holes in the metal. This means a good ohmic contact is 

30 not required at the metal surface during deposition and therefore a number of non-vacuum. 
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low cost blanket metal deposition techniques could be used, possibly even simply bonding a 
metal foil to the substrate. It is possible that even with laser grooves a metal reflector would be 
required anyway, though this is only one reflector option. 

• Rear point contact schemes #2a & #2b require 2 extra silicon deposition processes. These 
silicon layers do not have to be of good electronic quality and so can perhaps be deposited faster 
than other layers. There are no extra silicon deposition processes for schemes #la & lb, 
although the deposition of the final 2 layers is interrupted for the hole forming steps. 

5 • The di-electric layers at the front and rear of the cell are necessary for both the buried contact 

and point contact methods. 
Scribing : 

• rear point contact scheme has lower alignment requirements - with buried contacts, the n 
grooves must be precisely aligned to the p grooves for series connection. 

10 • Laser grooving and doping must be done in a vacuum chamber with a doping gas atmosphere. 

No chamber is necessary for the rear point contact scheme, though possibly helpful for sucking 
out debris. 

• Some of the line scribes in the rear point contact scheme could be done mechanically. In scheme 
#la, the metal lines could be made with cutting wheels, like a can opener, (rather than with 

15 diamond tipped grinders which probably wear down faster) or could even be stamped out or 

screen printed. The lines cut through the metal could be several hundred microns wide, with 
little effect on device performance. The required depth control in the other schemes may make 
mechanical patterning difficult. 

• Mechanical forming of holes in silicon has also been demonstrated (by Willeke, Germany). 

20 • For the rear point contact scheme, the holes (and lines) in the silicon can certainly be made with 

a u.v. laser, which will cause less damage to the surrounding silicon and substrate than with an 
i.r, laser. Simultaneous laser grooving and doping has not yet been demonstrated with a u.v. 
laser. A u.v. laser repeatedly ablates silicon to sub-micron depths with high pulse frequency, 
giving accurate depth control. 

25 Scribing time: 

• The rear point contact scheme appears to have more scribing than for buried contacts; however, 
the total length of the metal plus silicon line scribes is only equivalent to that for n plus p 
grooves. 

• The holes are an extra step for the rear point contact scheme, but if grooves are formed by a 
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30 series of joined holes, as with present buried contact cells, then clearly it will be much faster to 

form widely spaced holes. On the other hand, if the grooves can be formed with a line focussed 
beam then they could be made as fast as holes. 

• For modules with high output vohages (ie, many series connections),m the total scribe length 
for buried contacts would significantly increase, since series connection requires 2 grooves to be 
made next to each other. 

• Parallelled mechanical scribing could be much faster and cheaper than laser scribing and is 
5 only possible for the rear point contact schemes. 

In terms of comparison with groove systems for interconnection, it can be argued that the 
"pipe" system previously described is superior for the following reasons: 
(a). Alignment tolerance (refer figure 27) 

If the p^ and n ' silicon contacts were made via grooves as shown, rather than holes a 
10 previously described, then the regions shown in each unit cell would be wasted, since for the case of 
the right hand side, holes in the p layers will not be able to reach the p^ contact, and likewise for the 
lower two n type layers on the left. These wasted regions can be reduced by moving the grooves to 
the edge of the isolation scribe, but this is at the expense of the same high alignment requirements as 
for the buried contact scheme. 

15 (b). Scribing Time 

Comparing the rear point contact scheme and the buried contact scheme, both have an extra 

line scribe for every unit cell. ( A cell isolation scribe for the former scheme, and an extra scribe for 

adjacent n and p grooves in the latter). Consider the hole pattern of the former scheme to be made of 

lines consisting of a series of holes, as shown in (c) below. If the lines 
20 of n and p holes are equated to the n and p grooves of the buried contact scheme, then the metal 

scribe for the rear point contact scheme results I 50% more scribing than for buried contacts. 

However, since grooves are formed by a series of overlapping holes, the holes in the layout above 

could be made at least twice as fast as grooves, resulting in approximately equal total scribing times 

for both schemes. 

25 The use of mechanical scribing, or a masked large area u v. laser could significantly cut scribing times. 

These options are not available to the laser-doping buried contact scheme, 
(c) Shading and resistive losses 
30 It should be noted that the latest high efficiency PERL cells have point contacts on top and 

rear with out incurring series resistance problems. Also, for example, 20iLim wide holes in a square 
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grid, evenly spaced in both directions by 124|im, would present the same shading loss as 20^m wide 

grooves spaced lOOOfim apart. However, to prove the shading/series resistance 

advantage of holes, consider the layout below, where the spacing between the holes within a line 

equals the hole diameter. In this case, the total cross sectional contact area (ie. 

the total perimeter of the holes) will be the same as for grooves. The current flow lines will be almost 

identical and therefor, for the same line spacing, the series resistance within the active silicon layers 

will be the same as for buried contacts. However, the surface area and shading 

5 loss of holes will be halved (refer figure 28 which shows a plan view of the pipes of figure 6). 

The other source of series resistance in the rear point contact scheme is in the current flow 
along the and n^ silicon conductive pips/ holes, from the front to rear of the cell For schemes 1(a) 
and 1(b), the thickness of these pipe walls equals that of the final active layer (ie. the emitter for n type 
material) and for the above hole layout the cross sectional area increasing 

10 the line spacing by the thickness of the device (this is the worst case for a single junction device). 
Thin film devices are likely to be only 5-10(im thick, whilst contact spacing is typically 500- 1 000|a.m, 
so the additional series resistance will only be about 1% of that in the active layers. 

15 For schemes 2(a) and 2(b) the walls of the conductive pipes are formed by separate silicon deposition 
processes and could be doped to a conductivity 10-100 times higher than in the active layers. Even 
with a thickness 10 times less than that of the active emitter (eg. 0, Ijiim instead of l|am), the series 
resistance losses would be less than 1% of that in the active layers. 

The optimum efficiency layout of holes would be more widely spaced within a line, with 

20 more closely spaced lines, resulting in lower shading losses and/or resistive losses. However, more 
closely spaced lines would increase the number of scribes and total scribing time. It would also 
degrade reflector performance, unless a transparent conducting oxide was used in place of the rear 
metal, along with a separate detached reflector, eg. 20|im wide lines spaced 200^m apart in the 
reflecting contact metal would represent a degraded are of 10%, 

25 The buried contact scheme also has the disadvantage of requiring a certain minimum line width 

in order to fill the groove with sufficient metal to reduce finger resistance. For thin film cells 4-8 
times thinner than the present groove depth in wafered devices, the groove width may need to be 
significantly increased beyond the 20|im used in these devices. In contrast, decreasing the hole width 
as far as technically possible, and reducing the spacing of holes, will 

30 continually increase the efiiciency of the rear point contact scheme. 
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In conclusion, for equal scribing times and the same series resistance, the rear point contact 
scheme will have at least half the shading losses of the buried contact scheme. It will also have lower 
alignment requirements 
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Claims 

1 . In a solar cell module of the type comprising at least a first layer of a semiconductor of a first 
conductivity type and at least a second layer of a semiconductor of a second conductivity type, a 
method of insulating and interconnecting said layers so as to form a plurality of series connected 
solar cells. 

2. The method of claim 1 wherein said step of insulating said layers is performed by a discontinuity in 
said at least first layer and said at least second layer. 

3 . The method of claim 1 or 2 wherein said step of interconnecting is performed by means of a 
segmented conducting layer. 

4. The method of claim 3 wherein said layer is in the form of a plane. 

5. The method of claim 3 or 4 wherein said step of interconnecting further includes providing at least 
a first conductive pipe of said first conductivity type and at least a second conductive pipe of said 
second conductivity type adapted to respectively connect said at least one layer of said first 
conductivity type to a segment of said segmented conducting plane and also connect said at least 
one layer of said second conductivity type to said segment of said segmented conducting plane so 
as to form a series connection between adjacent solar cells of said solar cell module. 

6. The method of claim 3 or 4 wherein said step of interconnecting further includes providing at least 
a first conductive groove of said first conductivity type and at least a second conductive groove of 
said second conductivity type adapted to respectively connect said at least one layer of said first 
conductivity type to a segment of said segmented conducting plane and also connect said at least 
one layer of said second conductivity type to said segment of said segmented conducting plane so 
as to form a series connection between adjacent solar cells of said solar cell module. 

7. The method of claim 5 or 6 wherein said solar cell module comprises of plurality of stacked pairs 
of said at least first layer of a semiconductor of a first conductivity type. 

8. The method of claim 7 wherein said solar cell module is a thin film solar cell module. 

9. The method of claim 8 wherein said solar cell module is a silicon solar cell module. 

10. The method of claim 9 wherein said solar cell module is a polysilicon solar cell module. 

1 1 . The method of any previous claim wherein said segmented conducting layer comprises a 
segmented metallic layer. 

12. The method of any previous claim wherein said segmented conducting layer is spaced fi-om said at 
least first layer and said at least second layer by at least one electrically insulating layer. 

13. A solar cell module made according to the method of any preceding claim. 
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14. A solar cell module as hereinbefore particularly described with reference to any one of figure 29, 
figure 30, figures 1-8, figures 9-13, figures 14-21 or figures 22-26 or Fig 31 . 

15 The method of any previous claim wherein said conductive pipes are adapted 
to connect to said conducting plane by means of a continuation in length of 

the said pipes of said first or second conductivity type as far as said 
conductive plane. 

1 6 The method of any previous claim wherein said conductive pipes are adapted 
to connect to said conducting plane by means of any other semiconductor 
material, or metal, or transparent conductor, or any other conducting 
material forming a connection between said conductive pipes and said 
conducting plane. 

17 The method of any previous claim wherin said segmented 
conducting layer is spaced from said at least first layer and said at least 
second layer by at least one layer of transparent conductor. 

18 The method of any previous claim wherein fabrication proceeds by the following steps: 
deposit the active layers 

scribe into individual cells 
deposit dielectric 
scribe holes for p-type pipes 
deposit heavily doped p-type silicon 
optional - deposit TCO 
scribe holes for n-type pipes 
deposit heavily doped n-type silicon 
(or do n-typr first, then p-type) 
deposit TCO 
deposit metal 

1 . scribe metal/TCO/heavily doped Si layers 

19 The method of any previous claim wherein fabrication proceeds by the following steps: 
deposit the active layers 

scribe into individual cells 
deposit dielectric 
optional - deposit TCO 
scribe holes for p-type pipes 
deposit heavily doped p-type silicon 
optional - deposit TCO 
scribe holes for n-type pipes 
deposit heavily doped n-type silicon 
(or do n-typr first, then p-type) 
deposit TCO 
deposit metal 

scribe metal/TCO/heavily doped Si layers 

20 A solar cell made by the method of any one of claims 15 to 19. 
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1. deposit metal layer for conducting and reflecting (eg. AI), and scribe lines (laser or mechanical): 



insulating substrate 



2. deposit di-clectric layer(s) (for insulation, diffusion barrier, surface passivation and reflection): 



\ 












metal / TCO 













4. laser ablation of contact holes through to metal, followed by p* silicon deposition: 




The varying depth of the holes indicates the tolerance in manufacturing. 
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5. laser ablation of holes through to metal, followed by n* silicon deposition: 



1 ♦^A* ^^^ ^S ? ?^P*r.rywf^i 



1 c 



di-electhc 
metal / i 




p d 



Note if holes have a large diameter they may not be filled as shown, but rather lined. If hole diameter is 
^omparabt to^*^ cell Lkne ss, then formin g holes at an angle >.ill reduce or clunmate the shadmg 

loss: 




6. scribe lines to produce individual cells and deposit passivating di-eiectric layer / AR coatings: 

cell ^ \ ^ cell #2 



t 

(line) 









n " rilr 




• 





di-electric 




metal / icu 





n 



(holes) 



layers connected in parallel, cells connected in series 
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metal finger 

n and p are contact holes of the corresponding polarity, arrows show electron flow in metal. 
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A cross secdoa of the module with wide ceUs would look like diis: 



ceail 



cell #2 




Contact holes of like polarity within each cell are connected together at the ends of the module as shown 
in the previous diagram. 
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Rear Pfiint Confactiny fi^\,,„» <<HM fnr a iVfetat fi«h,rrm*m 



I . deposit di-electhc iayer and rear n type silicoa layer 

X 











metal sheet 





2. for multi-junction, deposit p,n,p,n etc, 

3. laser ablation of holes through to metal, followed by p"* silicon deposidon: 



















metal sheet 



4. laser ablation of holes through to metal, followed by silicon deposidon: 




Note that the hole is formed at an angle so that the shading loss is effectiveiy zero. 



S. scribe individual cells and deposit passivating di-electric layer / AR coatings: 
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6. solid phase crystallisation of silicoa layers (if necessary) 

7. encapsulate, then scribe line in rear metal to isolate n from p contacts within individual cells: 



encapsulant 




metal sheet 



' p contact n contact 
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Rear Pnint Tontacriny Schi>m^ (fjl-t^ for a Cla^ Super^tratc 



I . deposit silicon layers and crystallise (initial passivating di-eiectric layer / AR coating not shown): 




glass 



2, scribe individual cells and deposit di-clectric: 




n 




. n _ 




glass 



(Note that for convemionai ceils, this step is reached simply by placing dinUsed, oxidised, un-concacted 
wafers on the glass.) 



3. deposit metal: 



di-elcctric 



^^^^ 




n 





glass 



4. laser ablation of contact holes, followed by silicon deposition: 



V 



metal 



di-electhc 



n 



n 



glass 
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5 . laser ablation of p contact hoics. followed by silicon deposition: 























































metal 


> 




























•»< 


di-electric 
























P: 


n 




■•*irw 
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n 










n . 


n 










n 
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glass 



note p**" silicon is connected to metal at the hole edges. 



6. scribe lines to isolate n* from p* within individual cells : 




glass 
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^ \ metal (covered with silicon) 

n and p are contact holes of the corresponding polarity 



The same effect can be achieved using two sets of straight scribes: 
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Alfgrnative Rear Pottit Cnnt^^j^^ "^rb*^^ for a M^t^^ ^Zuh^t^t^ 



1. deposil di-ciectric layer and silicoa layers: 




2. scribe isolated ceils, deposit di-clectric and (if necessary) crystallise silicon: 



- 




n 




di-electhc 





£1 




turn over substrate: 



3. laser ablation of contact holes, followed by silicon deposition 




di-clectric 
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4. laser ablation of holes, followed by p silicon deposition: 




6. attach to front encapsuiant, then scribe lines to isolate n* from p* within individual cells: 




front encapsulant 



Note that the encapsulant is the supponing layer once the continuity of the metal substrate is broken. 
The structure is now similar to scheme #2a for glass supcrstrates. 
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Grooves unit cell isolation scribe line 




□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 
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Contacting pipe avails to conducting plane using a conductor 

(rather than semiconductor) 

1 . Deposit Si layers, groove into individual cells, coat with dielectric, then form holes and 
dope walls of holes: 

dielectric hole groove 




substrate / glass superstrate 



Doping of hole walls could be performed by either: 

• simultaneous laser ablation and doping 

• form one set of holes and blanket deposit n-type dopant source (ie. into holes), then form 
second set of holes and perform diffusion in p-type dopant atmosphere (n-type dopant goes 
into first set of holes, p-type dopant goes into second set) 

2, Deposit a conductor (eg. metal/TCO), by evaporation through a shadow mask, or by screen 
printing: 

metal / TCO masked region 




substrate / glass superstrate 



Compared to previous scheme for glass superstrates, extra silicon deposition steps and 
scribing of metal layer are avoided, but extra steps are required to dope the pipe walls. 

Transparent Conducting Oxide (TCO) would be used for opaque substrates, or bifacial 
modules on glass sub/superstrates. 
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